The pattern of polypeptides specifically secreted by cells after infection with vaccinia virus has been analyzed. A MATERIALS AND METHODS Virus growth and purification. The Evans vaccine strain of vaccinia was grown in, and purified from, BHK 21 clone 13 cells as previously decribed (7).
The pattern of polypeptides specifically secreted by cells after infection with vaccinia virus has been analyzed. A complex pattern of apparently virus-specified polypeptides exhibiting temporal control of the type seen with intracellular polypeptides after virus infection was observed. Some of the specifically secreted polypeptides were shown to be modified by glycosylation and sulfation. The possible significance of these results is discussed.
Studies on the polypeptides synthesized after virus infection of a cell are normally confined to examining intracellular polypeptides. However, recent studies in two virus systems, pseudorabies virus (4, 5) and Rous sarcoma virus (1) , have indicated that virus infection of a cell can also result in changes in the pattern of polypeptides secreted from those cells into the tissue culture fluid.
As part of a study on the sulfation of polypeptides in vaccina virus-infected cells (M. A. McCrae and T. H. Pennington, manuscript in preparation), we have investigated, and describe in,detail in this report, the changes in secreted polypeptides that occur after infection with vaccinia virus.
MATERIALS AND METHODS
Virus growth and purification. The Evans vaccine strain of vaccinia was grown in, and purified from, BHK 21 clone 13 cells as previously decribed (7) .
Virus infection and protein labeling. Virus infections and protein labeling were done as follows. Confluent 35-mm petri dishes were infected with vaccinia virus at a multiplicity of 50 PFU/cell. After adsorption for 1 h at 37°C, the inoculum was removed and replaced with Eagle medium containing 2% fetal bovine serum. Before labeling, the maintenance medium was removed, the monolayers were washed twice with phosphate-buffered saline, and then 0.2 or 0.4 ml of the appropriate label diluted in phosphate-buffered saline was added. The concentration of the isotopes used were: L-["S]methionine, 50 1iCi/ml; 35SO4, 100 [LCi/ml; and ['4C]glucosamine, 100 ,Ci/ml. At the end of the labeling period either cells were harvested immediately into 0.4 ml of 10 mM Tris-hydrochloride buffer, pH 9.0, or the label was removed and replaced with 0.4 ml of Eagle medium and incubation was continued at 37°C for a further 2 h. After the chase period, the medium and cells were harvested sepa-rately. All samples were stored immediately at -80°C until required for polyacrylamide gel electrophoresis analysis. Where cytosine arabinoside (CAR) was used, it was present at a concentration of 25 yg/ml at all stages, from addition of virus to the cells until the final harvesting of the samples.
Polyacrylamide gel electrophoresis. Samples were analyzed on 5 to 15% sodium dodecyl sulfategradient polyacrylamide gels as previously described (7), using the Laemmli (6) discontinuous buffer system. After electrophoresis, gels were processed for fluorography, according to the method of Bonner and Laskey (2), and exposed at -80°C, using Kodak RP Royal X-Omat film.
Peptide map analysis. Several other changes in the secreted polypeptide profile at early times postinfection were also observed. These included the appearance of polypeptides migrating as broad diffuse bands both above and below this major polypeptide in the regions 31 to 34K and 36 to 38K, and the secretion of polypeptides with apparent molecular weights of 25K and 12K that comigrate with major polypeptides present in the infected cell at these early times ( Fig. 1) . At late times in the virus growth cycle (5 to 6 h postinfection) the major secreted polypeptide of molecular weight 35K was still produced in large amounts. The broad diffuse band migrating in the 36 to 38K region, was, however, no longer produced, and the diffuse band migrating in the 31 to 35K region was replaced by a more sharply defined band with an approximate molecular weight of 32K. The levels of production of the 25K and 12K polypeptides were also reduced, and, in the case of the 25K polypeptide, this reduction could be correlated with a reduction in the synthesis of an intracellular polypeptide with the same mobility ( Fig. 1) . At the late times postinfection there was also a virtually complete inhibition of the normal host background of secreted proteins (Fig. 1) . Other changes evident in the region below the major 35K protein late in infection were (i) the sharpening into a more discernible but nevertheless diffuse band of a band in the 21 to 27K region which at early times postinfection appeared only as a smear on the gel profile and (ii) the appearance of a new band with a molecular weight of 14.5K which comigrated with a late intracellular polypeptide. In the region above the 35K protein two or three very faint new bands were seen, but these comigrated with the major virion structural polypeptides and are probably due to mature virions which would be being released at these late times postinfection.
The effect of blocking viral DNA synthesis with CAR on the secreted polypeptide profile was examined, thus allowing classification of polypeptides into the early and late classes. The addition of CAR to the medium at the time of infection was found to block the appearance of the 14.5K and 32K polypeptides, and these polypeptides can therefore be classified as classical late polypeptides in that their synthesis was prevented when viral DNA synthesis was blocked. The only other change observed when labeling at late times after CAR treatment were possible reductions in the levels of production of the 36 to 38K and 25K polypeptides. the medium profiles in Fig. 1 To try and identify possible intracellular precursors for the excreted polypeptides, pulsechase experiments were carried out as detailed in Fig. 1 . As has been reported previously (8) , it was possible to observe numerous changes in the intracellular polypeptide profile after a chase period at both early and late times postinfection (Fig. 1) . However, only in the case of the 14.5K polypeptide secreted late in infection was there a reduction during the chase period of an intracellular polypeptide of the same mobility, indicating a possible precursor product relationship. There were no intracellular polypeptides made in sufficient amounts during the pulse period and disappearing during a chase that could serve as a putative precursor of the major 35K-excreted polypeptide, even allowing for any large changes in electrophoretic mobility which could have resulted from possible modifications occurring during secretion (9) . Thus it would appear that this polypeptide is synthesized and then very rapidly excreted into the medium after synthesis. This supposition was confirmed by carrying out a pulse-chase experiment in which virus-infected cells were given a 15-min pulse of [35S]methionine at 2 h postinfection. Medium samples were then collected from these cells after various chase times and analyzed on polyacrylamide gels. The results indicated (data not shown) that maximum secretion of this polypeptide was achieved even after only a 15-min chase period.
Modification of secreted polypeptides. In the RNA tumor viruses (1) and pseudorabies virus (1, 9) the major secreted polypeptides were found to be modified either by glycosylation or glycosylation and sulfation. To examine whether the secreted polypeptides associated with vaccinia virus were modified in a similar way, ex- Table 1 .
Are virus-induced secreted polypeptides virus-specified polypeptides? To investigate whether the secreted polypeptides produced after viral infection were virus specified or merely virus-induced derepressed host polypeptides, the secretion profile after infection of a second cell type was examined. Figure 3 Figure 4 shows the peptide maps for the 35K polypeptide obtained from three of these cell types; the maps obtained are identical, increasing the probability that the polypeptide is virus coded.
The only clearly discernible difference between the two infected medium profiles was that the majority of the 36 to 38K polypeptide migrated more slowly in the HeLa cell sample. This polypeptide is post-translationally modified by being both glycosylated and sulfated, and it is possible that the altered mobility observed is a reflection of the fact that these post-translational modifications are performed by hostspecifiled rather than viral-specified enzymes, which may differ in the nature of the sugar moieties that they transfer to The rather complex pattern of secreted polycells, HeLa cells, and mouse L-cells. The 35K-se-peptides does of course make it quite possible creted polypeptide was excised from a dried poly-that they serve both of the above functions acrylamide gel and treated with V8 protease as de-and/or others, and, clearly, more work will be scribed in the text, and the resulting peptides were quired to e resolved on an 8 to 16%/v gradient polyacrylamide gel. .re t lucidat their fTio ndy work A, Mock-digested control. The 35Kpolypeptide from toward ths end iS in progress. This study has, mouse L-cells was carried through the whole map-however, shown that analysis of the tissue culping procedure, except no protease was added. This ture fluid from virus-infected cells, which is norcontrol was to ensure that any breakdown observed mally simply discarded, may produce a new set was due to the added protease. B, 35K polypeptide of virus-specified polypeptides, the study of from infected mouse L-cells digested with 10Ig of V8 whose function may give new insights into the protease per ml. C, 35K polypeptide from infected process of controlled virus infection. The observation that a similar pattern of secreted polypeptides was produced by several cell types in response to virus infection implies that the information for these secreted polypeptides is virus coded rather than merely reflecting a derepression of cellular genes induced by viral infection. Given that the information is virus coded, it seems probable that the secreted poly-
